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Introduction

Cervical cancer is the most prevalent gynaecologic ma-

lignancy in women worldwide. Microarray-based com-

parative genomic hybridization (CGH) has been used to

investigate solid tumors, including cervical cancer.

Genome-based aberrations induce precancerous onco-

genes, oncosuppressor genes, and apoptosis. Specific

areas of DNA amplification or deletion and loss are com-

monly observed. Further, specific gene mutations have

been investigated regarding their relationship with tumor

development, in addition to treatment and prognostic fac-

tors. Human papillomavirus (HPV) infection does not al-

ways progress to cervical cancer; however, HPV is a

well-known risk factor. Although the precise pathogenic

mechanisms underlying cervical cancer have not been elu-

cidated, HPV is known to be a major contributing factor

based on epidemiologic studies. However, the time span

is extremely short in some cases and HPV negative cer-

vical cancers have also been occasionally observed.

Therefore, HPV infection alone cannot completely ex-

plain the process of carcinogenesis in the uterine cervix.

With improvements in molecular genetic technologies, we

can relatively easily evaluate genetic copy number

changes and genetic alterations in solid tumors. The goal

of the current experiment was to identify the cause of car-

cinogenesis in solid tumors by investigating genomic

changes, as well as characterize the roles of internal or

external influences that alter genomic stability. Evalua-

tions focused on gene changes are very important, partic-

ularly in cervical precancerous lesions, for understanding

the process of carcinogenesis, preventing and treating tu-

mors, and for prognostic evaluation.

CGH was first introduced by Kallioniemi et al. in 1992.

It is a useful method for identifying genetic changes rel-

ative to normal tissue DNA [1]. CGH is very fast and

cost-effective compared to fluorescence Southern hy-

bridization and loss of heterozygosity analyses. CGH is

a very useful method for observing the presence or ab-

sence of genes, evaluating quantitative (copy number)

changes, determining whether a mutation is a deletion,

duplication, or translocation, and examining loss of het-

erozygosity mutations by single chip experiments with

40 Mb resolution [2].

Here, the authors report cases of uterine cervical in-

traepithelial neoplasia either with HPV infection 16 and 18

or without infection by evaluating CGH. They examined

gene mutation sites in precancerous cervical lesions due to

HPV infection and compared the relationship to cancer in-

cidence by the numerical relationship of the mutation of a

particular gene region.

Materials and Methods

Samples of human uterine cervix were collected between May

2001 and October 2003 by conization from women diagnosed

with high-grade squamous intraepithelial lesions in situ based on

the Papanicolaou test. Exclusion criteria included necrotic tissue

and severe inflammation. Approval was given by the Human

Ethics Committee at SCH Medical Center (Cheonan, Korea). The

authors selected three cases with HPV 16, which were coinciden-

tally positive for HPV 18, and two cases without any HPV infec-

tion. Revised manuscript accepted for publication March 29, 2013
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Each paraffin-embedded section was cut to a thickness of 15

µm and heated at 58˚C for 30 minutes in an oven to melt the

paraffin. The sections were washed in xylene three times, each

for five minutes; washed in 100% ethanol two times, each for

one minute; and then dehydrated using an ethanol gradient

(95%, 90%, 80%, 70%, and 50% ethanol) for one minute in

each concentration after treatment. The section was then placed

in sterile D/W for ten minutes and stained with haematoxylin

and eosin (H&E). A digestion buffer (10 nM NaCl, 10 nM Tris-

Cl, pH 8.0, 25 nM ethylenediaminetetraacetic acid [EDTA],

pH 8.0, 0.5% sodium dodecyl sulfate [SDS], 0.1 mg/ml pro-

teinase [PK]) was added to the sample, and the mixture was

incubated at 60˚C for 24 hours. The mixture sample and an

equal volume of phenol mixture were centrifuged for ten min-

utes at 13,000 rpms. The supernatant was transferred to another

tube, and 1.5 ml phenol/chloroform/isoamyl alcohol (in equal

amounts) was added to the supernatant after mixing. The mix-

ture was then centrifuged at 13,000 rpms for ten minutes. The

supernatant was transferred to another tube, and 1.5 ml of the

supernatant was mixed with an equal volume of chloroform.

This mixture was centrifuged at 13,000 rpms for ten minutes

after which time two volumes of ethanol and 1/10 3M sodium

acetate were added. The mixture was incubated for one hour at

-20˚C and then centrifuged at 4˚C at 15,000 rpm for 15 min-

utes, after which time the supernatant and sediment were

placed in 200 µl of 70% ethanol after mixing. The solution was

centrifuged at 4˚C for five minutes at 15,000 rpms. After

ethanol removal, the sample was dried and then rolled. DNA

was extracted .

Amplification of gene fragments from the reaction mixture

(total volume of 25 µl) was performed. The housekeeping gene for

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and HPV

DNA could be amplified at the same time, with all primer pairs in-

cluded. Polymerase chain reaction (PCR) was performed . The

HPV DNA chip was evaluated by laser scan. 

Each CGH served as a control for the reaction of the same sam-

ple. Normal DNA and 100 ng each of genomic DNA were treated

with polymerase Ø 29 and amplified. AluI (20 units) and RsaI (20

units) were added to all of the amplified samples for two hours at

37˚C. After the reaction, case and control DNA samples were pu-

rified with a QIAQuick PCR clean-up kit and dissolved. 

Samples were dried in an array, scanned on an image plate, and

then analyzed with GenePix Pro 6.0. The fluorescence intensity of

each gene was quantified and the average fluorescence intensity

was calculated at each point. The default value was calculated and

the average fluorescence intensity at each point in the net fluo-

rescence values was obtained by removing the default value. A

total of 10,290 genes were selected from samples infected with

HPV and 10,127 genes were selected from uninfected samples.

The average normalized ratio was calculated by dividing the av-

erage of normalized signal channel intensity by the average of

normalized control channel intensity. Based on the knowledge that

changes for commonly observed mutations are 1.5 fold or higher,

increases or decreases of more than 1.5 fold were analyzed 

Results

The HPV DNA Chip test subtypes included three cases of

cervical intraepithelial neoplasia that were positive for HPV

16 and 18 and two HPV negative cases.

Eight samples of HPV negative DNA showed an increase

or decrease of 1.5 times or more. Seven regions (3q23-q24,

Table 1. — Genes that showed changes of over 1.5-fold (eight
genes) in human papillomavirus-negative specimens. 
Bank Gain/ Gene Map Function

Loss

NM_182943 gain PLOD2 3q23-q24 procollagen-lysine,

(LH2;TLH) 2-oxoglutarate

5-dioxygenase 2

BX537559 gain UGP2 2p14-p13 UDP-glucose 

pyrophosphorylase 2

BC065192 gain C2orf12(HCC-4 2q24.3 chromosome 2 

DKFZp564 open reading frame 12

H0764)

AK092622 gain HNRPLL 2p22.1 Heterogeneous nuclear

ribonucleoprotein L-like

BC050347 gain FAM19A2 12q14.1 Family with 

(TAFA-2; sequence similarity 19

MGC42403; (chemokine (C-C motif)-

TAFA2) like), member A2

BC043502 gain NEK2(NLK1; 1q32.2-q41 NIMA (never in

NEK2A; HsPK21; mitosis gene a)-related

HsPK 21) kinase 2

AK095750 gain RER1 1pter-q24 RER1 retention in endo-

plasmic reticulum 1 

homolog (S. cerevisiae)

AK098071 loss C10orf32(AS3MT; 10q24.32 chromosome 10 open

CYT19; FLJ40752; reading frame 32

MGC27171; 

DKFZp686B2219; 

RP11-753C18.6)

Table 2. — Genes that showed changes of over 1.5-fold (16
genes) in human papillomavirus-positive specimens. 
Bank Gain/ Gene Map Function

Loss

XM_376171 gain unknown unknown

NM_182943 gain PLOD2 3q23-q24 procollagen-lysine, 

(LH2;TLH) 2-oxoglutarate 5-

dioxygenase 2

BC035514 gain TEK(TIE2; 9p21 TEK tyrosine kinase, 

VMCM; TIE-2; endothelial (venous 

VMCM1; malformations, multiple 

CD202B) cutaneous and mucosal)

AV758762 gain S100A12 1q21 S100 calcium binding 

protein A12 (calgranulin C)

BX649193 gain TKT(TKT1) 3p14.3 transketolase (Wernicke-

Korsakoff syndrome)

AW968641 gain FLJ32800 15q21.1- Chromosome 15 open

q21.2 reading frame 33

AK124747 gain PDE5A 4q25-q27 Phosphodiesterase

5A, cGMP-specific

AI672441 gain unknown unknown Transcribed locus

NM_014730 loss KIAA0152 12q24.31 KIAA0152

BC030833 loss NDUFS1 2q33-q34 NADH dehydrogenase

(CI-75Kd; (ubiquinone) Fe-S protein 1,

PRO1304; 75kDa (NADH-coenzyme

MGC26839) Q reductase)

AF360549 loss BRIP1(OF; BACH1; 17q22-q24 BRCA1 interacting protein C- 

FANCJ; FLJ90232; terminal helicase 1

MGC126521; 

MGC126523)

BX538024 loss USP37 2q35 ubiquitin specific 

(KIAA1594) peptidase 37

BG250953 loss GAGE2 Xp11.23 G antigen 1

BM926633 loss WDR18 19p13.3 WD repeat domain 18

AI141579 loss unknown unknown Transcribed locus

BC043345 loss BMS1L 10q11.21 BMS1-like, ribosome 

(KIAA0187) assembly protein (yeast)
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2p14-p13, 2q24.3, 2p22.1, 12q14.1, 1q32.2-q41, and 1pter-

q24) were increased and one region (10q24.32) was de-

creased. Changes in the degree of color change were

expressed as an increase or decrease of HPV (Figure 1A,

B).

DNA mutations in HPV positive samples were observed

in 16 regions. Eight regions were increased: (3q23-q24,

9p21, 1q21, 3p14.3, 15q21.1-q21.2, 4q25-q27, and two un-

known cases). The remaining eight regions (12q24.31,

2q33-q34, 17q22-q24, 2q35, Xp11.23, 19p13.3, 10q11.21,

and one unknown case) were decreased. Changes in the de-

gree of color change were expressed as an increase or de-

crease of HPV (Figure 2A, B).

One gene that was common to the two groups (3q23-q24)

showed an increase, and there was no reduction in area.

HPV negative genes are described in Table 1 and HPV pos-

itive genes are described in Table 2.

Discussion

Based on the present results, it is hypothesized that some

tumor suppressor genes or cell cycle regulators can exist in

the downregulated genomic copy number regions, and

some genes related to carcinogenesis can exist in upregu-

lated genomic copy number regions. DNA copy number

changed by more than 1.5-fold, and changes were found

Figure 1A. — Genetree of genes that showed changes of over 1.5-fold based on two HPV-negative arrays (eight genes).

Figure 1B. — Genes that showed changes of over 1.5-fold (eight genes) based on chromosomal mapping of HPV-negative speci-

mens.

Figure 2A. — Genetree of genes that showed changes of over 1.5-fold based on the three HPV-positive arrays (16 genes).

Figure 2B. — Genes that showed changes of over 1.5-fold (16 genes) based on chromosomal mapping of HPV-positive specimens.

Fig. 1A Fig. 1B

Fig. 2A Fig. 2B
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two-fold more frequently in HPV infected specimens.

Therefore, it is thought that oncogene upregulation is en-

hanced by HPV. In contrast, tumor suppressor genes would

be downregulated by HPV. Because the 3q23-24 region was

increased in both groups and the degree of change did not

differ; these regions may contain cancer-related genes un-

related to HPV infection. 

The genetic features of this area included enzyme func-

tions such as procollagen-lysine, 2-oxoglutarate 5-dioxy-

genase 2, oxidoreductase activity, protein metabolism and

transformation, L-ascorbic acid combined functions, iron

ion binding functions, and endoplasmic reticulum-related

genes.

Increases in q25-q26, 3q26-q27, and 3q26-qter have been

reported in cervical cancer, endometrial cancer, ovarian

cancer, lung cancer, and head and neck cancer. These re-

sults indicate that these regions include genes important in

cancer development [3].

Another interesting result was the decrease in 2q33-q34,

which may be correlated with HPV infection and ubiquitin-

specific peptidase. Decreases in the 2q33-q34 region of

tumor suppressor genes are recognized in precancerous le-

sions, and a reduction in this area for cancer lesions has

been reported, making it an important marker [4]. Another

study found a low level of 20q in 63% of cervical cancer

cases [5].  

Large-cell neuroendocrine carcinoma of the uterine

cervix is a rare cervical cancer. Amplification of 3q in cer-

vical cancer was demonstrated by CGH [6]. HPV integra-

tion can induce alterations in genomic structure through the

amplification, deletion, and rearrangement of DNA [7].

Thirty-three (33%) were associated with copy number al-

terations, including the regions of amplification/gain at

11q22 and 8q24.21. Furthermore, these alterations were as-

sociated with HPV-16 and HPV-18 integration in Ca Ski

and HeLa cells, respectively [7]. 

Future studies should evaluate the genomic changes in

uterine cervical precancerous lesions and the internal and

external factors that influence genomic stability independ-

ent of HPV infection. These data will provide useful tools

for evaluating the process of carcinogenesis, preventing

tumor progression, treating solid tumors, and forecasting

tumor prognosis. 
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